Abstract -A new topology of the high frequency AC (HFAC) inverter bridge arm is proposed which comprises a coupled inductor, a switching device and an active clamp circuit. Based on it, new single-phase and three-phase inverters are proposed and their operating states are analyzed along with the traditional H-bridge inverter.
be modified by replacing the upper switches with coupled inductors, as shown in Fig. 2(b) . This paper proposes a new inverter with active clamp circuits to recover leakage inductance energy and to realize soft switching, as shown in Fig. 2 
(c).
In the figure, S 1 and S 2 are the main switching devices. Two switches S c1 , S c2 and two clamp capacitors C c1 , C c2 are employed to form an active clamp circuit to limit the main switch voltage stress and recycle leakage inductance energy. The primary windings of the coupled inductors L 1 and L 2 are used as filter inductors whilst their secondary windings are reverse series connected. The numbers of primary and secondary windings are n 1 and n 2 , respectively, and their turns ratio n is defined as n 2 /n 1 . The coupling references are marked as " " for L 1 , and "*" for L 2 . The leakage inductances are L LK1 and L LK2 , for L 1 and L 2 , respectively. Forward modes, respectively, to transfer energy to the load. Fig. 4(d) (c) Multi-phase and multi-level topologies Similar to the three-phase inverter, any multi-phase inverter can also be constructed using the proposed bridge arm. Fig. 8(a) shows a four-phase inverter topology as an example. Moreover, multi-level inverters (traditional cascaded inverters) can also be derived from the proposed inverter. 
III． PROPOSED TOPOLOGIES FOR APPLICATIONS
The proposed inverter can be applied to different applications by combining with different rectifier circuits. Taking photovoltaics (PV) for example, the basic requirements for a frond-end DC-DC converter are high step-up ratio and electrical isolation because of the leakage current of PV modules and the low voltage of each module. Fig. 10 presents a topology which includes a three phase inverter (Fig.5 (b) ) and a three phase rectifier bridge. The primary side is a parallel connection that decreases the input current ripple while the secondary side is a modular structure and its interleaved working mode can decrease the capacitance of output capacitor. In case one bridge arm is faulted, the topology can still operate with the remaining healthy arms, as shown in Fig. 11 where switching device S1 is broken. Clearly, the bridge arm 1 stops working. On the secondary side, L 1b can block the fault so that the proposed topology operates with two bridge arms. The design considerations are as follow:
(1) The primary side switching devices
In the steady-state operation, the voltage stress of the primary power devices is equal to the voltage on the clamp capacitor, as
Clamp capacitor
The energy stored in the magnetizing inductor transfers to the clamping capacitor, the corresponding energy balance can be expressed as The duty ratio can be set to the minimum value, and a proper turn ratio is chosen according Eq. (2). In order to improve power capacity, the proposed converter can be expanded with more bridge arms. In Fig. 13 , the expandable characteristic is illustrated. The primary side can take more parallel bridge arms and the corresponding secondary side can add rectifier bridges to increase the system power. Owing to this modular structure, the power rating can build up easily (e.g. over 10 kW). In order to demonstrate the circuit advantages of the proposed converter, a detailed comparison with other converters is carried out and the results are presented in Table I . Compared with the three phase Weinberg converter in [24] , the proposed converter has a lower main voltage stress and a lower switching loss due to the active clamp structure. The expandable characteristic and modular structure are also the merits of proposed converter. Compared with the full-bridge three-phase converter in [25] , the proposed converter has less switching devices and can avoid the breakthrough of bridge arms. - Table I . PERFORMANCE COMPARISON 
Topology
Converter in [24] Converter in [25] Proposed converter
Numbers of active switches 3 12 6
Numbers of diodes 7 6 6
Voltage gain
3ND/2 Phase shift control N/(1-D)
Voltage stress of active 
IV．EXPERIMENTAL VERIFICATION
An experimental platform was constructed and one arm prototype is shown in Fig 14. The main switches are of FDP047AN MOSFET with a switching frequency of 50 kHz. The coupled inductors use the Koolmu (0077109A7) magnetic cores with a turns ratio of 4, and the clamp capacitors are 4.7 μF film capacitors. The input voltage is 5 V and the load is 25Ω. Fig. 15(a) -(c) presents the output waveforms for the single-phase and three-phase inverters, which agree well with the theoretical analysis in Fig .6 . In Fig. 15(a) , it is noted that there is a 5-V voltage deviation caused by the leakage inductance of the coupled inductors; the primary side, two bridge arms have 90 o phase shift angle, and the output pulse width can be controlled by phase shift angle. Fig . 16 shows the experimental results of a frond-end DC-DC converter for PV applications. The input voltage is 10 V, the switching frequency is 40 kHz, the output voltage is 80V and the power rate is 400W. The soft switching of main switching devices can be achieved, as shown in Fig. 16(a) . The voltage stress of the main switching devices is limited at a low level. The clamp switching devices also can realize soft switching. Fig. 16 (d) presents the input current and output voltage results and Fig. 16 (e) shows the efficiency curve. It can be seen that the maximum efficiency is 93.7% at 350 W, which is higher than the efficiency (92.5%) of a similar converter in [25] . 
V. CONCLUSION
This paper has presented a group of novel high-frequency inverters integrated with the coupled inductor bridge. The coupled inductor bridge arm can provide electrical isolation and be built up to form single-phase, three-phase, multi-phase and multi-level inverters. Their modular and versatile features are particular useful for applications such as induction heating, DC-DC and AC-AC converters, wireless energy transfer and so forth. Based on the proposed topology, a front-end step-up DC-DC converter is developed for PVs as a demonstrator. Simulation and experimental results have validated the proposed topologies. They have improved performance than traditional inverters in terms of high flexibility for building multi-phase and/or multi-level inverters, and high-voltage high frequency output, low voltage stress and soft switching capability, and isolated AC output. However, it needs to point out that this is a proof-of-concept research work at low voltage levels and its technology readiness level is between 2-3. In order to build up an application-ready product (TRL=9), it will take a long way and need significant industrial investment in the development work. Owing to the freedom of building phase and voltage levels, the proposed topology can potentially form high power converters that will then be used for medium-voltage applications.
